Abstract. A leptospirosis surveillance program was carried out for 12 months on the entire population of the Seychelles. Diagnosis was assessed by both microagglutination test and polymerase chain reaction (PCR) assay. In this population of 74,331, leptospirosis was clinically suspected in 125 subjects and confirmed in 75 patients (incidence of 101 per 100,000; 95% confidence interval ϭ 79-126). Leptospirosis was more frequent in middle-aged males with environmental exposure. Eight serogroups were identified and Icterohaemorrhagiae (31%) and Hurstbridge (20%) were the most frequent. Hurstbridge, a recently identified new serogroup, was implicated in severe cases and death. Influenza-like forms accounted for 37% of the cases while jaundice, acute renal failure, and pulmonary hemorrhage occurred in 52%, 28%, and 19%, respectively. Death occurred in six patients and was related to pulmonary hemorrhage. The PCR result was positive after completion of treatment in eight patients, suggesting that the administered five-day course of penicillin may be inadequate to eradicate the bacteria.
Human leptospirosis, which results from direct or indirect exposure to urine of animals infected with spirochetes of pathogenic Leptospira species, is one of the most common zoonoses in the world. 1 The protean clinical manifestations of the disease make its diagnosis difficult, 2, 3 particularly in tropical countries, 4 and laboratory support is essential for confirmation of the suspected cases. 3 Mild forms are often misdiagnosed or ignored, and high seroprevalence rates were found in various populations, e.g., 16% in the patients of a sexually transmitted disease clinic in Baltimore, Maryland, 5 11.1% in 30-39-year-old urban Italians, 6 and 1.1% in the general population of Réunion Island. 7 Severe forms are characterized by hepatic involvement, acute renal failure, and hemorrhagic complications and the mortality can reach 25%. 8 Early recognition of the disease is essential for effective therapy. 9 Symptomatic leptospirosis is particularly frequent and severe in the Seychelles. Eighty cases were reported over a two-year period in 1989-1990 (annual incidence ϭ 60/ 100,000, case fatality rate ϭ 16%) 10 and 65 cases in 1993-1994 (annual incidence ϭ 45/100,000, case fatality rate ϭ 8%). 11, 12 In these previous studies, serologic confirmation was not systematically requested and diagnosis was based mostly on the clinical presentation. Consequently, these data do not significantly reflect the real level of the circulation of Leptospira in the Seychelles.
The polymerase chain reaction (PCR) was demonstrated to be a useful tool in confirming leptospirosis within the first few days of the disease. [13] [14] [15] However, this technology is not yet widely available, particularly in developing countries, and early diagnosis still relies heavily on the awareness and expertise of clinicians. Accurate epidemiologic and clinical reports are therefore likely to be helpful in improving the recognition and management of the disease. 16 In this study, we conducted a prospective populationbased survey of leptospirosis over a 12-month period (which was devoid of major outbreaks) to describe the clinical and epidemiologic characteristics of the disease in the Seychelles. Our findings were aimed at helping local health care workers to reach a high degree of awareness of leptospirosis diagnosis and to provide additional information on the epidemiology and the public health importance of this disease in the Indian Ocean region.
MATERIALS AND METHODS
Study area and population. The study area covered the whole territory of Seychelles (445 km 2 ), which consists of more than 110 islands situated in the Indian Ocean and had 74,331 inhabitants, of which 90% live on the main island and 49% are less than 25 years of age according to a population census in 1994. The climate is tropical and mostly equable; average rainfall is 1,500-2,200 mm per year, the temperature ranges from 24ЊC to 31ЊC, and the humidity ranges from 75% to 82%. Medical care within a national health system is delivered free of charge and is easily accessible through community clinics, small cottage hospitals, and a main referral hospital.
Study design. A population-based surveillance was conducted between April 1, 1995 and March 31, 1996 . All physicians in the country were repeatedly informed about the study and requested to refer all patients suspected to have leptospirosis to one of the two main hospitals in the country, which are the only establishments on the main island where patients can be admitted. Clinical and epidemiologic data were collected using a detailed notification form. For serological and PCR tests, blood was collected as soon as the patient was enrolled in the study (on admission for most patients) and 2-4 weeks later except for the patients who died from acute forms. For other blood tests, maximum values observed during the hospital stay were considered. All fatalities underwent post-mortem examination. Patients included in the survey received a course of benzylpenicillin, 2 mega units given intravenously every 6 hr for five days; for patients discharged before the fifth day, the course was completed with oral penicillin, 500 mg four times a day until day 5. Informed consent was obtained from the patients and the study was approved by the Ministry of Health of Seychelles. The daily rainfall collected on 10 sites throughout the country was provided by the National Meteorological Service. Rainfall considered for each specific subject related to rainfall recorded at the nearest collection point. Statistical analysis. Differences in categorical and continuous variable between two groups were examined using Fisher's exact test and the t-test, respectively. The kappa statistic was used to quantify interrater agreement. Exact binomial 95% confidence intervals (CIs) were calculated for incidence and prevalence estimates. Statistical analyses were performed using Stata for Windows 4.0 (Stata Corp., College Station, TX). All P values are two-tailed and those Ͻ 0.05 were considered to indicate statistical significance.
RESULTS

Epidemiologic results.
Over the 12-month study period, 129 patients were eligible for inclusion in the study. Both early and convalescent sera suitable for analysis were available for 112. One unique serum suitable for analysis was available for 17 patients: six died before the convalescent serum could be collected, four did not turn up for followup, seven had one of the two serum samples contaminated; thus, they were unsuitable for the MAT. However, 13 of these 17 patients had a positive PCR result in one sample, including the six fatalities. Therefore, four patients with one unique sample suitable for serology and a negative result in the PCR were excluded; thus, the diagnosis criteria could be applied to 125 patients.
Among these 125 patients, leptospirosis was confirmed by laboratory tests in 75 and the overall leptospirosis incidence per 100,000 and per year was 101 (95% CI ϭ 79-126). The incidence did not differ significantly among the various regions of the country ( Table 1 ). The distribution of the 75 leptospirosis cases throughout the 12 months of the study did not correlate significantly with the amount of rainfall during the preceding 15 days (Figure 1 ). There were 63 (84%) males and 12 (16%) females and the sex-specific incidence per 100,000 was 121 and 132, respectively. Age ranged from nine to 71 years with a mean of 35.5 (SD ϭ 15.6) years (total population mean age ϭ 28.6 years). The distribution of cases according to age and sex is shown in Figure 2 . Among the 75 cases, nine were farmers, 40 manual laborers with low professional qualifications, 15 manual workers with higher professional qualifications, and 11 nonmanual workers (among whom nine reported gardening, building a house, or having activities in fields or forests during their leisure time).
Serologic (IHA and MAT) and PCR results. Agreement between the diagnostic criteria used to ascertain leptospirosis in the study (based on the results of the PCR assay and While the methodology for isolation of Leptospira was not available in the Seychelles, the presumptive infecting serogroup (i.e., highest MAT titer achieved for only one serogroup 3 ) could be determined in 46 (61%) confirmed cases. The most commonly implicated serogroups were Icterohaemorrhagiae, Hurstbridge, and Djasiman with values of 31%, 20%, and 4%, respectively ( Figure 3 ). Serogroup was undetermined in 29 (39%) cases in which cross-agglutination with at least two serogroups occurred, except for three patients presenting negative serologic results and positive PCR results. Cross-reactions between Hurstbridge and Icterohaemorrhagiae antigens occurred in all but three confirmed cases related to these serogroups.
Clinical manifestations. The proportions of cases with selected symptoms before admission and clinical findings after admission in fatal and nonfatal confirmed leptospirosis and in unconfirmed leptospirosis cases are shown in Table  3 . Compared with unconfirmed cases, patients with confirmed leptospirosis had more headaches, lumbalgia, myalgia, conjunctival suffusions, higher erythrocyte sedimenta- tion rates (ESRs), and lower platelet counts. Among definite leptospirosis cases, those who died had more crepitations on auscultation of the lungs and higher serum creatinine levels, and tended to have more vomiting, hemoptysis, and higher creatine kinase (CK) levels. When considering retrospectively the clinical diagnosis at the time of discharge from hospital (serologic and PCR results were still unknown), 24 (32%) of 75 patients with confirmed leptospirosis were misdiagnosed (10 with viral fever, four with alcoholic hepatitis, three with infectious cellulitis, two with pulmonary infection, two with viral hepatitis, two with septicemia, and one with infectious mononucleosis). Conversely, 18 (36%) of 50 patients without defined leptospirosis were misdiagnosed as having leptospirosis (Table 2) .
Delay between the symptom onset and hospital admission was short (mean ϭ 3.9 days, SD ϭ 2.1) and similar within the various examined patients and disease categories; the duration of hospital stay did not vary with the exception of death, which occurred soon after admission (mean ϭ 2.3 days, SD ϭ 2.0) ( Table 4) .
With regard to combinations of major complications (jaundice, renal failure, and pulmonary hemorrhage), 28 (37%) of 75 cases had a mild presentation of the disease without jaundice, renal failure, or pulmonary hemorrhage, 22 (29%) had only jaundice, three (4%) had only acute renal failure, and 10 (13%) had jaundice associated with acute renal failure without pulmonary hemorrhage. Among the 14 (19%) patients with pulmonary hemorrhage, five also had jaundice and acute renal failure (including three fatalities) and nine also had either jaundice or renal failure (including three fatalities). Among 21 patients (28%) with renal failure defined as a creatinine level Ͼ200 mol/L (eight had to undergo hemodialysis), the presumptive infective serogroups were Icterohemorrhagiae (seven), Hurstbridge (three), Autumnalis (one), Louisiana (one), and undetermined (nine). Electrocardiographic abnormalities were noted in 29 (39%) cases. These included nonspecific depolarization changes in 15, first-degree heart block in four, incomplete right bundle branch block in three, atrial fibrillation in two, supraventricular extrasystoles in two, and third-degree heart block, ventricular ectopics, or sinusal bradycardia in one each. With the exception of some persisting and perhaps pre-existing nonspecific depolarization changes, all electrocardiographic abnormalities disappeared within 15 days.
Among the 69 nonfatal leptospirosis patients, 61 had complete recovery within six weeks, five recovered from jaundice within 10 weeks, one had persistent headache at 10 weeks, one had persistent jaundice due to a pre-existing alcoholic liver cirrhosis, and one was lost to follow-up.
Six deaths occurred among the 75 leptospirosis cases, reflecting a case-fatality rate of 8%. The cause of death was pulmonary hemorrhage confirmed by post-mortem examination in all six cases. The PCR result was positive in all fatalities and with a single MAT, it was not possible to de- termine the presumptive infective serogroup. Titers of agglutinins (100-6,400) were observed in five cases, and in one fatality the MAT was negative. Eight nonfatal cases could have had pulmonary hemorrhage defined as concurrent hemoptysis and pulmonary infiltrates seen by radiography, and the presumptive infective serogroup was Icterohaemorrhagiae in five of them.
DISCUSSION
This population-based study in an endemic setting is the first systematic study of incidence through surveillance for leptospirosis in the Seychelles. Previous reports [10] [11] [12] were based on retrospective data with partial serologic confirmations. In this study, 75 cases were detected over a period of 12 months, which represents an overall incidence of 101 per 100,000 (95% CI ϭ 79-126). The incidence did not vary substantially by geographic area (Table 1) , illustrating the fact that the disease is evenly spread over the whole country.
When compared with retrospective studies, prospective surveillance is more efficient for the epidemiologic evaluation of a disease with the protean clinical presentations of leptospirosis. Since the physicians were instructed to admit into the hospital all patients suspected of having leptospirosis, it is likely that the survey covered most symptomatic cases. Indirect evidence is based on the fact that referred cases included unusually mild cases for which ambulant treatment would have been appropriate. Conversely, the 75 identified cases may represent an underestimate of the true incidence of the disease in the general population since our criteria of inclusion would allow patients with few symptoms to escape detection. Similarly, our diagnostic criteria were particularly stringent and considered only patients with a complete biological follow-up. Overall, the incidence found in the Seychelles is among the highest reported in the literature although direct comparison between geographic areas may be difficult due to differences in study design and laboratory techniques used for case identification (Table 5) . [18] [19] [20] [21] [22] [23] However, it is noteworthy that two insular territories in the Pacific area, Hawaii and New Caledonia, reported similar levels of endemic leptospirosis, 128 23 and 92.5 22 per 100,000, respectively.
Leptospirosis was more frequent in males than in females. This sex difference, which has also been found in numerous other studies, 3, 24 is usually attributed to occupational and behavioral factors and it tends to vanish if sexes are given equal exposure. 25 In our study, we found that leptospirosis was encountered in subjects who had high exposure to the environment either professionally (e.g., farmers, environment workers) or recreationally (e.g., gardening). In our study, leptospirosis did not significantly correlate with rain-fall during preceding 15 days despite that this relationship has been repeatedly reported. 3, 10, 23, 26 This may be due to the absence of a well-defined rainy season and the inability of a global measure of rainfall to encompass localized phenomena such as humidity, soil characteristics, and microclimate specificities in the exact places of contamination. Leptospirosis was less frequent in children less than 15 years of age and in adults more than 75 years of age. Nevertheless, it was reported in Barbados that 12.5% of children 7-14 years of age had serologic evidence of past leptospiral infection. 27 It has been suggested that children less than five years of age have limited contact with infected soil and water (the prevalence of intestinal parasites among children suggests otherwise) and that children less than 10 years of age show less severe reaction to leptospiral infection. 21 The absence of cases among the elderly can probably also be explained by limited contact with infected soil and water and because they are more likely to have developed immunity in a highly endemic setting. 21 The diagnosis of leptospirosis in this study was based on the MAT and PCR assay. 13, 28 Among the 13 cases not diagnosed by the MAT, six were patients who died before a convalescent serum could be obtained, two had one serum contaminated and not suitable for analysis, and five showed a change in titer that did not comply with our diagnostic criteria (even if in three of them, titers were Ն 1:400). Negative PCR (but positive MAT) results in 32 cases could be attributed to a low or a short leptospiremia during the acute phase of the disease, to blood samples taken late in the disease, or to the administration of antibiotic before admission. 13, 15 The presence of inhibitory factors in the samples can also impede the amplification process. 14, 29 Positive PCR results in all six patients who died between the fourth and the ninth day after the onset of symptoms demonstrated the ability of this assay to detect leptospires in sera at an early stage (when serologies are often inconclusive), especially in severely ill patients who were likely to have had high leptospiremia. 13, 14 Alternatively, the PCR result was positive after the 20th day of the disease (41 days for the latest) in eight patients, six of whom were treated with a five-day course of intravenous penicillin and two with a three-day course of intravenous penicillin, followed by a two-day course of oral penicillin prescribed on discharge from the hospital (it cannot be ruled out that oral penicillin was not taken by these two patients). This finding, consistent with previous reports of late isolation of leptospires from blood 30 or delayed detection by PCR, 13, 28 suggests that a five-day course of penicillin may be inadequate to eradicate the bacteria. Since leptospires have never been shown as resistant to penicillin, 3 it may be speculated that they would survive in locations where they are protected from the antibiotics and from the immune response. 13 Studies on longer antibiotic treatment will help to sort out this issue. The IHA result was positive in 49 (65%) patients among the 75 leptospirosis cases diagnosed by MAT or PCR. Among the 26 leptospirosis cases negative by the IHA, 10 were diagnosed by PCR assay only.
Apart from the serogroups Australis, Autumnalis, and Icterohaemorrhagiae already reported in the Seychelles, 10, 11 we identified by serology five new serogroups: Ballum, Canicola, Djasiman, Hurstbridge, and Louisiana. The most predominant serogroups were Icterohaemorrhagiae (31%) and Hurstbridge (20%) and there was broad cross-reactivity in 39% of the cases. No serogroup had a predominance of severe clinical presentations: Autumnalis, Hurstbridge, Icterohemorrhagiae, and Louisiana were all implicated in acute renal failure or pulmonary hemorrhage and possibly in death. It is particularly remarkable that Hurstbridge, a recently identified serogroup (Chappel RJ, Victorian Institute of Animal Science, Attwood, Victoria, Australia, and Perolat P, Institute Pasteur, Noumea, New Caledonia, unpublished data) is frequently found in the Seychelles and is implicated in severe forms and possibly in fatal forms of the disease. Serovar hurstbridge was recently isolated from Australian pigs and antibodies have been found in various areas in pigs, cattle and occasionally in humans (Chappel RJ, Perolat P, unpublished data). These data should facilitate clarification of the epidemiologic significance of the Hurstbridge strains, which have not yet been isolated from humans.
The nature of the Leptospira reservoirs in the Seychelles needs to be investigated exhaustively so that optimal prevention and control programs can be designed. In preliminary studies (Wickremesinghe N, Vel M, Ministry of Health, Victoria, Seychelles, unpublished data), 24% (6 of 25) of rats were found with leptospiral agglutinins by an MAT (Icterohaemorrhagiae serogroup) and 66% (12 of 18) of dogs had a positive IHA result.
The clinical presentation of leptospirosis in the Seychelles was similar to findings in other reports. 3, 23, 25, 31 Noticeably, the frequency of symptoms, signs, and laboratory findings was not different in patients with definite leptospirosis compared with patients with unconfirmed leptospirosis with the exception of myalgia, a high ESR, and low platelet count, which were more frequent in patients with confirmed leptospirosis. Electrocardiographic abnormalities were found in almost half of the cases, but were never life-threatening, which is contrary to findings in other reports. [31] [32] [33] Mild forms of leptospirosis represented about one-third of our cases, and two-thirds had a more severe presentation with jaundice and/ or acute renal failure and/or pulmonary hemorrhage. Although jaundice was both frequent and often severe, liver failure was never observed. Renal failure never resulted in death although eight patients needed hemodialysis, in contrast to findings in a previous study in the Seychelles when hemodialysis was not available and in which death from renal failure accounted for many fatalities. 10 In our study, pulmonary hemorrhages accounted for all six deaths. These patients had respiratory symptoms before admission followed by a fulminant development causing acute respiratory distress syndrome and death within 48 hr of admission. Thrombocytopenia (Ͻ 50,000/l) was found in 33% of the fatalities and prolonged prothrombin time was uncommon, and this is consistent with the finding that coagulation disturbances are not the underlying mechanism. 34 It is therefore necessary that further studies are done to better identify the physiopathologic mechanisms resulting in pulmonary hemorrhages, which would provide a basis for specific prevention and treatment of these complications.
Because of its protean and nonspecific manifestations, the disease remains difficult to diagnose without serologic or PCR tests. The fairly good sensitivity of the clinically based diagnosis in this setting (before the IHA, MAT, and PCR results were known) reflects a high awareness of the disease among physicians working in an area of high endemicity. However, 24 of the 75 patients (32%, Table 2 ) with positive MAT or PCR results were clinically misdiagnosed on discharge from the hospital. Conversely, 50 patients (36%, Table 2) without leptospirosis were misdiagnosed as having leptospirosis. Consequently, since a substantial number of cases are clinically missed and considering the severity of the disease, it seems justified to start effective antibiotherapy 9 as soon as leptospirosis is suspected. Further studies are needed to investigate Leptospira animal reservoirs and to identify the factors associated with the frequency and severity of the human disease in this endemic setting for designing effective and sustained prevention and control programs.
